Title of the Invention 

Semiconductor Device 

Background of the Invention 

1. Field of the Invention 

The present invention relates to a semiconductor 
device having a chip-on-chip (COC) structure wherein first 
and second semiconductor chips are adhered to each other in 
a form so that the surfaces thereof are opposed to each 
other . 

2. Description of the Prior Art 

An increase in the performance and functionality of 
a variety of electronic appliances can be implemented by 
increasing the performance and functionality of 
semiconductor devices which are core parts of such 
electronic appliances. Development of a system-on-chip 

(SOC) wherein a variety of functional blocks each having a 
desired function are mounted on a single chip, and at the 
same time development of a system-in-package (SIP) wherein 
a plurality of chips is mounted in a three-dimensional form 
and contained in a package have been making rapid progress 
recently. In particular, the SIP having a chip-on-chip 

(COC) structure, have recently attracted special attention 
due to the possibility for reduction of the mounting area 
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thereof, in comparison with SOC wherein two functional 
blocks are formed on a single chip; and due the possibility 
of creating an increase in speed which is equal to or 
greater than that of SOC. 

Fig 6 is a chip configuration diagram showing an 
example of a system-on-chip according to a prior art. In 
this diagram a system-on-chip on which a plurality of 
functional blocks is mounted is denoted as 11, a memory 
macro mounted on system-on-chip 11 is denoted as 12, a 
memory macro control circuit mounted on system-on-chip 11 
is denoted as 13, a group of internal signal connection 
lines for connecting memory macro 12 to memory macro 
control circuit 13 is denoted as 14, an external connection 
terminal is denoted as 15, and a group of external signal 
connection lines for connecting memory macro 12 to external 
connection terminals 15 is denoted as 16. 

The operation of the conventional system-on-chip 
configured as described above is below described. At the 
time when the system-on-chip is in a conventional 
operational mode memory macro 12 operates under the control 
of memory macro control circuit 13 via group 14 of internal 
signal connection lines; while at the time when the system- 
on-chip is in a memory macro test mode, memory macro 12 is 
tested by an external control signal that is inputted from 
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an external connection terminal 15 via group 16 of external 
signal connection lines. 

The above described conventional semiconductor 
device, having a system-on-chip structure wherein a 
plurality of functional blocks that includes a memory macro 
is mounted on a single chip is considered to be a good 
product as a semiconductor chip, only in the case wherein 
all of the functional blocks that have been mounted operate 
correctly, however, a problem arises wherein the 
semiconductor chip is regarded as defective in the case 
wherein any one of the functional blocks that have been 
mounted is defective and does not operate correctly, even 
when the majority of functional blocks operate correctly. 
This problem becomes more significant as the capacity of 
memory macro that is mounted on the chip is increased, 
leading to an increase in the area of the chip itself, thus 
making it difficult to increase the production yield. 

As a measure for avoiding such a problem, mounting 
of a memory macro in one chip together with other 
functional blocks has been reviewed; and semiconductor 
devices having a COC structure that is formed of two chips, 
a memory macro chip and a chip having other functions, have 
attracted attention in recent years; however the following 
problem arises in the case wherein a memory macro which has 
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been mounted on a conventional system-on-chip is formed in 
a separate chip for COC connection. 

A memory macro that is mounted on a conventional 
system-on-chip is, in general, characterized in having a 
configuration of multiple-bit input /output , and in that the 
memory macro has a very great number of connection 
terminals in total, including a great number of internal 
signal connection terminals for the normal operation mode, 
and a great number of external signal connection terminals 
for the memory macro test mode. Therefore a problem arises 
in the case wherein the above described memory macro is 
formed in a separate chip for COC connection without 
changing the specifications thereof, because of the great 
number of inter- chip connection terminals, which leads to 
an increase in the areas of the chips and to a reduction in 
the yield of the product, resulting from defects in the 
connection between the chips. Here, only the chip on which 
a memory macro control circuit having a great chip area is 
mounted, can directly be controlled from the outside after 
the connection of the chips in the case wherein the memory 
macro is formed in a separate chip for COC connection 
without changing the specification thereof wherein the area 
of the chip on which the memory macro control circuit is 
mounted, for example, is assumed to be great, while the 
area of the chip on which the memory macro is mounted is 
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assumed to be small, and therefore the number of inter-chip 
connection terminals becomes significantly great in order 
to make it possible for the test of the memory macro itself 
to be carried out after the connection of the chips, 
because the terminals for the memory macro test mode are 
also required to be connected to the terminals of the chips 
on which the memory macro control circuit is mounted. 

Summary of the Invention 

An object of the present invention is to provide a 
semiconductor device having a COC structure with a high 
performance and a small chip area wherein possibility of 
defects in the connection between chips is reduced by 
implementing a semiconductor chip which uses a COC 
structure in order to achieve an increase in the production 
yield and wherein the number of inter-chip connection 
terminals is reduced leading to a reduction in the chip 
area . 

The present invention provides a semiconductor 
device having a COC structure wherein first and second 
semiconductor chips each having circuit blocks are adhered 
to each other so that the surfaces of the chips are opposed 
to each other, and so that inter-chip connection terminals 
on the respective chips are connected to each other, and 
the semiconductor device is formed so as to be able to 
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achieve the above described object by inserting a 
multiplexer circuit and a demultiplexer circuit into signal 
lines that make a connection between a circuit block and 
inter- chip connection terminals or external connection 
terminals in each chip, and by switching signal 
transmission channels depending on the operation modes. 

The first semiconductor device according to one 
embodiment of the present invention is a semiconductor 
device having a chip- on- chip structure wherein a first 
semiconductor chip having a circuit block where a plurality 
of inter- chip connection terminals and a plurality of 
external connection terminals are formed on a surface of 
the chip and a second semiconductor chip having a circuit 
block where a plurality of inter-chip connection terminals 
and a plurality of external connection terminals are formed 
on a surface of the chip are adhered to each other in a 
form wherein the surfaces of the chips are opposed to each 
other so that the inter- chip connection terminals of the 
first semiconductor chip and the inter- chip connection 
terminals of the second semiconductor chip are connected to 
each other, wherein the first semiconductor chip comprises 
a first multiplexer circuit for selecting an input signal 
line from among a plurality of input signal lines so as to 
output a signal from the selected input signal line to an 
output signal line, and the output signal line of the first 



- 6 - 




multiplexer circuit is connected to an inter-chip 
connection terminal of the first semiconductor chip. 

According to this configuration one signal line can 
be selected from among a plurality of signal lines inputted 
to the first multiplexer circuit so as to be connected to 
an inter-chip connection terminal of the first 
semiconductor chip . 

Furthermore the present invention may have a 
configuration wherein at least one input signal line from 
among the plurality of input signal lines inputted to the 
first multiplexer circuit is connected to an external 
connection terminal of the first semiconductor chip . 

According to this configuration a signal inputted 
from an external connection terminal of the first 
semiconductor chip can be sent to an inter-chip connection 
terminal of the first semiconductor chip. 

In addition, the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a first operation mode setting circuit and 
wherein the first multiplexer circuit is controlled by an 
operation mode setting signal outputted from the first 
operation mode setting circuit. 

According to this configuration the first 
multiplexer circuit can select one input signal line from 
among a plurality of input signal lines that are inputted 
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to the first multiplexer circuit under the control of the 
operation mode setting signal, and can output a signal from 
this selected input signal line to an output signal line of 
the first multiplexer circuit. 

In addition, the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a first demultiplexer circuit for selecting any 
one of a plurality of output signal lines, and for 
outputting a signal from an input signal line to the 
selected output signal line, and wherein the input signal 
line inputted to the first demultiplexer circuit is 
connected to an inter-chip connection terminal of the first 
semiconductor chip . 

According to this configuration a signal from a 
signal line that is connected to an inter-chip connection 
terminal of the first semiconductor chip can be selectively 
outputted to any one of the plurality of output signal 
lines of the first demultiplexer circuit. 

In addition, the present invention may have a 
configuration wherein at least one output signal line from 
among the plurality of output signal lines outputted from 
the first demultiplexer circuit is connected to an external 
connection terminal of the first semiconductor chip. 

According to this configuration a signal line 
connected to an inter-chip connection terminal of the first 
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semiconductor chip can be connected to an external 
connection terminal of the first semiconductor chip. 

In addition, the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a first operation mode setting circuit and 
wherein the first demultiplexer circuit is controlled by an 
operation mode setting signal outputted from the first 
operation mode setting circuit. 

According to this configuration a signal from one 
input signal line that is inputted to the first 
demultiplexer circuit can be outputted to any one of the 
plurality of output signal lines that is outputted from the 
first demultiplexer circuit under the control of the 
operation mode setting signal. 

In addition, the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a second demultiplexer circuit for selecting any 
one of a plurality of output signal lines, and for 
outputting a signal from an input signal line to the 
selected output signal line, and wherein at least one 
output signal line from among the plurality of output 
signal lines outputted from the second demultiplexer 
circuit is connected to an external connection terminal of 
the first semiconductor chip. 
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According to this configuration a signal line 
inputted to the second demultiplexer circuit can be 
connected to an external connection terminal of the first 
semiconductor chip . 

In addition, the present invention may have a 
configuration wherein at least one output signal line from 
among the plurality of output signal lines outputted from 
the second demultiplexer circuit is connected to one of the 
plurality of input signal lines inputted to the first 
multiplexer circuit . 

According to this configuration a signal line 
inputted to the second demultiplexer circuit can be 
connected to any one of the plurality of input signal lines 
that is inputted to the first multiplexer circuit. 

In addition the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a first operation mode setting circuit, and 
wherein the second demultiplexer circuit is controlled by 
an operation mode setting signal outputted from the first 
operation mode setting circuit* 

According to this configuration a signal from one 
input signal line that is inputted to the second 
demultiplexer circuit can be outputted to any one of the 
plurality of output signal lines that is outputted from the 
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second demultiplexer circuit under the control of the 
operation mode setting signal. 

In addition, the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a second multiplexer circuit for selecting an 
input signal line from among a plurality of input signal 
lines and for outputting a signal from the selected input 
signal line to an output signal line, and wherein at least 
one input signal line from among the plurality of input 
signal lines inputted to the second multiplexer circuit is 
connected to an external connection terminal of the first 
semiconductor chip . 

According to this configuration a signal line that 
is connected to an external connection terminal can be 
selected from among the plurality of input signal lines 
that is inputted to the second multiplexer circuit and a 
signal from the selected signal line can be outputted to an 
output signal line of the second multiplexer circuit. 

In addition, the present invention may have a 
configuration wherein at least one input signal line from 
among the plurality of input signal lines inputted to the 
second multiplexer circuit is connected to one of the 
plurality of output signal lines outputted from the first 
demultiplexer circuit . 
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According to this configuration, a signal line that 
is connected to any one of the plurality of output signal 
lines outputted from the first demultiplexer circuit can be 
selected from among a plurality of input signal lines that 
is inputted to the second multiplexer circuit, and a signal 
from the selected signal line can be outputted to an output 
signal line of the second multiplexer circuit. 

In addition, the present invention may have a 
configuration wherein the first semiconductor chip 
comprises a first operation mode setting circuit, and 
wherein the second multiplexer circuit is controlled by an 
operation mode setting signal outputted from the first 
operation mode setting circuit. 

According to this configuration, one input signal 
line can be selected from among a plurality of input signal 
lines that is inputted to the second multiplexer circuit 
under the control of the operation mode setting signal, and 
a signal from the selected signal line can be outputted to 
one output signal line outputted from the second 
multiplexer circuit . 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a third demultiplexer circuit for selecting any 
one of a plurality of output signal lines, and for 
outputting a signal from an input signal line to the 
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selected output signal line, and wherein the input signal 
line inputted to the third demultiplexer circuit is 
connected to an inter-chip connection terminal of the 
second semiconductor chip. 

According to this configuration, a signal from a 
signal line connected to an inter-chip connection terminal 
of the second semiconductor chip can be selectively 
outputted to any one of the plurality of output signal 
lines outputted from the third demultiplexer circuit . 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a second operation mode setting circuit, and 
wherein the third demultiplexer circuit is controlled by an 
operation mode setting signal outputted from the second 
operation mode setting circuit. 

According to this configuration, a signal from one 
input signal line that is inputted to the third 
demultiplexer circuit can be outputted to any one of the 
plurality of output signal lines outputted from the third 
demultiplexer circuit under the control of the operation 
mode setting signal . 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a third multiplexer circuit for selecting an 
input signal line from among a plurality of input signal 
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lines and for outputting a signal from the selected input 
signal line to an output signal line, and wherein the 
output signal line of the third multiplexer circuit is 
connected to an inter- chip connection terminal of the 
second semiconductor chip. 

According to this conf iguration, one signal line can 
be selected from among the plurality of input signal lines 
inputted to the third multiplexer circuit so as to be 
connected to an inter-chip connection terminal of the 
second semiconductor chip. 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a second operation mode setting circuit, and 
wherein the third multiplexer circuit is controlled by an 
operation mode setting signal outputted from the second 
operation mode setting circuit. 

According to this configuration, one input signal 
line can be selected from among the plurality of input 
signal lines inputted to the third multiplexer circuit 
under the control of the operation mode setting signal, and 
a signal from the selected signal line can be outputted to 
one output signal line that is outputted from the third 
multiplexer circuit . 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
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comprises a fourth multiplexer circuit for selecting an 
input signal line from among a plurality of input signal 
lines and for outputting a signal from the selected input 
signal line to an output signal line, and wherein at least 
one input signal line from among the plurality of input 
signal lines inputted to the fourth multiplexer circuit is 
connected to an external connection terminal of the second 
semiconductor chip . 

According to this configuration, a signal line that 
is connected an external terminal can be selected from 
among the plurality of signal lines that is inputted to the 
fourth multiplexer circuit, and a signal from the selected 
signal line can be output ted to an output signal line of 
the fourth multiplexer circuit. 

In addition, the present invention may have a 
configuration wherein at least one input signal line from 
among the plurality of input signal lines inputted to the 
fourth multiplexer circuit is connected to one of the 
plurality of output signals outputted from the third 
demultiplexer circuit . 

According to this configuration, a signal line 
connected to any one of the plurality of output signal 
lines outputted from the third demultiplexer circuit can be 
selected from among the plurality of signal lines inputted 
to the fourth multiplexer circuit, and a signal from the 
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selected signal line can be outputted to an output signal 
line of the second multiplexer circuit. 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a second operation mode setting circuit, and 
wherein the fourth multiplexer circuit is controlled by an 
operation mode setting signal outputted from the second 
operation mode setting circuit. 

According to this configuration, one input signal 
line can be selected from among the plurality of input 
signal lines inputted to the fourth multiplexer circuit 
under the control of the operation mode setting signal, and 
a signal from the selected signal line can be outputted to 
one output signal line that is outputted from the fourth 
multiplexer circuit . 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a fourth demultiplexer circuit for selecting any 
one of a plurality of output signal lines , and for 
outputting a signal from an input signal line to the 
selected output signal line, and wherein at least one 
output signal line from among the plurality of output 
signal lines outputted from the fourth demultiplexer 
circuit is connected to an external connection terminal of 
the second semiconductor chip. 
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According to this configuration, a signal line 
inputted to the fourth demultiplexer circuit can be 
connected to an external connection terminal of the second 
semiconductor chip . 

In addition, the present invention may have a 
configuration wherein at least one output signal line from 
among the plurality of output signal lines outputted from 
the fourth demultiplexer circuit is connected to one of the 
plurality of input signal lines inputted to the third 
multiplexer circuit . 

According to this configuration, a signal line 
inputted to the fourth demultiplexer circuit can be 
connected to any one of the plurality of input signal lines 
that is inputted to the third multiplexer circuit. 

In addition, the present invention may have a 
configuration wherein the second semiconductor chip 
comprises a second operation mode setting circuit, and 
wherein the fourth demultiplexer circuit is controlled by 
an operation mode setting signal outputted from the second 
operation mode setting circuit. 

According to this configuration, a signal from one 
input signal that is inputted to the fourth demultiplexer 
circuit can be outputted to any one of the plurality of 
output signal lines that is outputted from the fourth 
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demultiplexer circuit under the control of the operation 
mode setting signal. 

In the below described configuration the signs 
within parentheses correspond to the signs in Fig 1. 

The second semiconductor device according to one 
embodiment of the present invention has a chip-on-chip 
structure wherein; a first semiconductor chip (1), 
incorporating a first circuit block (3), where first and 
second inter-chip connection terminals (CI, C2) and first 
and second external connection terminals (PI, P3) are 
formed on a surface of the chip; and a second semiconductor 
chip (2) , incorporating a second circuit block (5) provided 
with input and output terminals for a normal operation mode 
and input and output terminals for a test mode, so that a 
signal is transmitted to, and is received from, the first 
circuit block (3) via input and output terminals for the 
normal operation mode, where third and fourth inter-chip 
connection terminals (C3, C4) and third and fourth external 
connection terminals (P5, P6) are formed on a surface of 
the chip; are adhered to each other in a form wherein the 
surfaces of the chips are opposed to each other, and 
wherein the first and third inter-chip connection terminals 
are connected to each other, and the second and fourth 
inter-chip connection terminals are connected to each 
other; wherein 



the first semiconductor chip (1) comprises: a first 
signal channel setting switching circuit (D2, Ml) for 
setting signal channels between an output terminal (Outl) 
of the first circuit block (3) as well as the first 
external connection terminal (PI), and the first inter-chip 
connection terminal (CI); and a second signal channel 
setting switching circuit (Dl, M2) for setting signal 
channels between the second inter-chip connection terminal 
(C2) and an input terminal (In2) of the first circuit block 
as well as the second external connection terminal (P3) , 
wherein 

a first operation mode setting signal (SI, S2) is 
inputted to the first and second signal channel setting 
switching circuits and the first signal channel setting 
switching circuit (D2, Ml) sets a signal channel for 
connecting the output terminal (Outl) of the first circuit 
block to the first inter-chip connection terminal (CI) and 
the second signal channel setting switching circuit (Dl, 
M2) sets a signal channel for connecting the second inter- 
chip connection terminal (C2) to the input terminal (In2) 
of the first circuit block when the first operation mode 
setting signal indicates the normal operation mode, and 

the first signal channel setting switching circuit 
sets a signal channel for connecting the first external 
connection terminal (PI) to the first inter-chip connection 



terminal (CI) and the second signal channel setting 
switching circuit sets a signal channel for connecting the 
second external connection terminal (P3) to the second 
inter-chip connection terminal (C2) when the first 
operation mode setting signal (SI, S2) indicates a first 
test mode of the second circuit block (5) , and wherein 

the second semiconductor chip (2) comprises: a third 
signal channel setting switching circuit (D3, M4 ) for 
setting signal channels between the third inter-chip 
connection terminal (C3) as well as the third external 
connection terminal ( P5) , and the input terminal { In IN) for 
the normal operation mode as well as the input terminal 

( InlT ) for the test mode of the second circuit block ( 5) ; 
and a fourth signal channel setting switching circuit (D4, 
M3 ) for setting signal channels between the output terminal 

(0ut2N) for the normal operation mode as well as the output 
terminal (0ut2T) for the test mode of the second circuit 
block and the fourth inter-chip connection terminal (C4) as 
well as the fourth external connection terminal (P6) , 
wherein 

a second operation mode setting signal (S3, S4) is 
inputted to the third and fourth signal channel setting 
switching circuit and the third signal channel setting 
switching circuit (D3, M4 ) sets a signal channel for 
connecting the third inter- chip connection terminal (C3 ) to 
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the input terminal (InlN) for the normal operation mode of 
the second circuit block and the fourth signal channel 
setting switching circuit (D4 , M3) sets a signal channel 
for connecting the output terminal (0ut2N) for the normal 
operation mode of the second circuit block to the fourth 
inter-chip connection terminal (C4) when the second 
operation mode setting signal indicates the normal 
operation mode,, 

the third signal channel setting switching circuit 
sets a signal channel for connecting the third inter-chip 
connection terminal (C3) to the input terminal (InlT) for 
the test mode of the second circuit block and the fourth 
signal channel setting switching circuit sets a signal 
channel for connecting the output terminal (0ut2T) for the 
test mode of the second circuit block to the fourth inter- 
chip connection terminal (C4) when the second operation 
mode setting signal (S3, S4) indicates the first test mode 
of the second circuit block (5) , and 

the third signal channel setting switching circuit 
sets a signal channel for connecting the third external 
connection terminal (P5) to the input terminal (InlT) for 
the test mode of the second circuit block and the fourth 
signal channel setting switching circuit sets a signal 
channel for connecting the output terminal (0ut2T) for the 
test mode of the second circuit block to the fourth 
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external connection terminal (P6) when the second operation 
mode setting signal (S3, S4) indicates the second test mode 
of the second circuit block (5) . 

According to this configuration the first test mode 
of the second circuit block is a test mode for testing the 
second circuit block after the first and second 
semiconductor chips are adhered and connected to each other 
while the second test mode of the second circuit block is a 
test mode for testing the second circuit block before the 
first and second semiconductor chips are adhered to each 
other, and a signal is inputted from, and is outputted to, 
the second circuit block via the third and fourth inter- 
chip connection terminals in the second semiconductor chip, 
in both the cases of the normal operation mode and of the 
first test mode after the adhesion. A signal is inputted 
to input terminals, and is outputted from output terminals, 
for the respective mode at the time of the normal operation 
mode and at the time of the test mode in the second circuit 
block, wherein the inter-chip connection terminals that 
become signal channels between the first and second 
semiconductor chips are commonly used at the time of the 
normal operation mode and at the time of the first test 
mode, and therefore a semiconductor device can be 
implemented wherein the number of inter-chip connection 
terminals can be reduced, the area of the chips can be 
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reduced and possibility of defects in the connection 
between the chips can be reduced. In addition, a signal is 
inputted and outputted via the third and fourth external 
connection terminals of the second semiconductor chip 
before the adhesion of the chips in the second test mode, 
and thereby a test for the second circuit block can be 
carried out without transmission of the signal through the 
inter-chip connection terminals. A separate chip can be 
tested in such a manner before the adhesion of the chips 
and thereby an increase in the production yield can be 
achieved. 

More preferably, according to one embodiment of the 
present invention the first semiconductor chip (1) 
comprises: a fifth external connection terminal (P2) formed 
on a surface of the chip and connected to the first signal 
channel setting switching circuit; and a sixth external 
connection terminal (P4) connected to the second signal 
channel setting switching circuit, wherein the first signal 
channel setting switching circuit (D2, Ml) sets a signal 
channel for connecting the output terminal (Outl) of the 
first circuit block to the fifth external connection 
terminal (P2) and the second signal channel setting 
switching circuit (Dl, M2) sets a signal channel for 
connecting the sixth external connection terminal (P4) to 
the input terminal (In2) of the first circuit block when 



- 23 - 



the first operation mode setting signal (SI, S2) indicates 
the test mode of the first circuit block (3) . 

According to this configuration, a signal can be 
inputted to, and can be outputted from the semiconductor 
device via the fifth and sixth external connection 
terminals of the first semiconductor chip before and after 
the chips are adhered to each other during the test mode of 
the first circuit block, and thereby the test of the first 
circuit block can be carried out without allowing a signal 
to pass through the inter-chip connection terminals. An 
increase in the production yield can be achieved by testing 
a chip separately before it is adhered to another chip. 

In addition, according to one embodiment of the 
present invention the first semiconductor chip (1) 
preferably comprises a first operation mode setting circuit 
(4) for outputting the first operation mode setting signal 
to the first and second signal channel setting switching 
circuits, and wherein the second semiconductor chip (2) 
comprises a second operation mode setting circuit (6) for 
outputting the second operation mode setting signal to the 
third and fourth signal channel setting switching circuits. 

According to this configuration, the first operation 
mode setting circuit controls the first and second signal 
channel setting switching circuits and the second operation 
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mode setting circuit controls the third and fourth signal 
channel setting switching circuits. 

The third semiconductor device according to one 
embodiment of the present invention is a semiconductor 
device having a chip-on-chip structure wherein; a first 
semiconductor chip (1), incorporating a first circuit block 
(3), where first and second inter-chip connection terminals 
(CI, C2) and first and second external connection terminals 
(PI, P3) are formed on a surface of the chip; and a second 
semiconductor chip (2), incorporating a second circuit 
block (5) provided with input and output terminals for a 
normal operation mode and input and output terminals for a 
test mode, so that a signal is transmitted to, and is 
received from, the first circuit block (3) via input and 
output terminals for the normal operation mode, where third 
and fourth inter-chip connection terminals (C3, C4) and 
third and fourth external connection terminals (P5, P6) 
are formed on a surface of the chip; are adhered to each 
other in a form wherein the surfaces of the chips are 
opposed to each other, and wherein the first and third 
inter-chip connection terminals are connected to each other, 
and the second and fourth inter-chip connection terminals 
are connected to each other; wherein 

the first semiconductor chip (1) comprises: a first 
multiplexer circuit (Ml) to which signals from an output 
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terminal (Outl) of the first circuit block and from the 
first external connection terminal (PI) are inputted and 
which selects either one of the signals inputted to the 
first multiplexer circuit based on a first operation mode 
setting signal (SI) so that the selected signal is 
outputted to the first inter-chip connection terminal (CI) ; 
and a first demultiplexer circuit (Dl) to which a signal 
from the second inter-chip connection terminal (C2) is 
inputted, and which selects either the input terminal (In2) 
of the first circuit block or the second external 
connection terminal (P3) based on the first operation mode 
setting signal (SI), and which outputs a signal inputted 
from the second inter-chip connection terminal to the 
selected terminal, wherein 

the first multiplexer circuit (Ml) selects a signal 
from the output terminal (Outl) of the first circuit block 
and the first demultiplexer circuit (Dl) selects an input 
terminal (In2) of the first circuit block when the first 
operation mode setting signal (SI) indicates the normal 
operation mode, and the first multiplexer circuit (Ml) 
selects a signal from the first external connection 
terminal (PI) and the first demultiplexer circuit (Dl) 
selects the second external connection terminal (P3) when 
the first operation mode setting signal (SI) indicates a 
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the first test mode of the second circuit block (5), and 
wherein 

the second semiconductor chip (2) comprises: a 
second demultiplexer circuit (D3) to which a signal is 
inputted from the third inter-chip connection terminal (C3) , 
and which has an output terminal connected to the input 
terminal (InlN) for the normal operation mode of the second 
circuit block and an output terminal that is connectable to 
the input terminal (InlT) for the test mode of the second 
circuit block and which selects either one of the two 
output terminals of the second demultiplexer circuit based 
on a second operation mode setting signal (S3) and which 
outputs a signal inputted from the third inter-chip 
connection terminal to the selected output terminal; a 
second multiplexer circuit (M4 ) to which signals are 
inputted from the output terminal of the second 
demultiplexer circuit (D3) that is connectable to the input 
terminal (InlT) for the test mode of the second circuit and 
from the third external connection terminal (P5) , and which 
selects either one of the signals inputted to the second 
multiplexer circuit based on a third operation mode setting 
signal (S4) and which outputs the selected signal to the 
input terminal (InlT) for the test mode of the second 
circuit block; a third multiplexer circuit (M3) , having an 
input terminal connected to the output terminal (0ut2N) for 
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the normal operation mode of the second circuit block and 
an input terminal that is connectable to the output 
terminal (0ut2T) for the test mode of the second circuit 
block, which selects either one of the two input terminals 
of the third multiplexer circuit based on the second 
operation mode setting signal (S3) and which outputs a 
signal inputted to the selected input terminal to the 
fourth inter-chip connection terminal (P6) ; and a third 
demultiplexer circuit (DA) to which a signal is inputted 
from the output terminal (0ut2T) for the test mode of the 
second circuit block, and which selects either the input 
terminal of the third multiplexer circuit (M3) that is 
connectable to the output terminal for the test mode of the 
second circuit block or the fourth external connection 
terminal (P6) based on the third operation mode setting 
signal (S4) and which outputs a signal inputted from the 
output terminal for the test mode of the second circuit 
block to the selected terminal, wherein 

the second demultiplexer circuit (D3) selects the 
output terminal connected to the input terminal (InlN) for 
the normal operation mode of the second circuit block, and 
the third multiplexer circuit (M3) selects the input 
terminal connected to the output terminal (0ut2N) for the 
normal operation mode of the second circuit block, when the 
second operation mode setting signal (S3) indicates the 
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normal operation mode; the second demultiplexer circuit 
(D3) selects the output terminal that is connectable to the 
input terminal (InlT) for the test mode of the second 
circuit block, and the third multiplexer circuit (M3) 
selects the input terminal that is connectable to the 
output terminal (0ut2T) for the test mode- of the second 
circuit block, when the second operation mode setting 
signal (S3) indicates the first test mode of the second 
circuit block (5) , 

the second multiplexer circuit (M4) selects a signal 
from an output terminal of the second demultiplexer circuit 
(D3) , and the third demultiplexer circuit (D4) selects an 
input terminal of the third multiplexer circuit (M3) , when 
the third operation mode setting signal (S4) indicates the 
first test mode of the second circuit block, and the second 
multiplexer circuit (M4) selects a signal from the third 
external connection terminal (P5) , and the third 
demultiplexer circuit (D4) selects the fourth external 
connection terminal (P6) , when the third operation mode 
setting signal (S4) indicates a second test mode of the 
second circuit block. 

According to this configuration, the same effects as 
of the second semiconductor device of the present invention 
can be gained. 
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Furthermore, according to one embodiment of the 
present invention the first semiconductor chip (1) 
comprises: fifth and sixth external connection terminals 
(P2,P4) formed on a surface of the chip; a fourth 
demultiplexer circuit (D2), inserted between the output 
terminal (Outl) of the first circuit block and the first 
multiplexer circuit (Ml), to which an output signal of the 
first circuit block (3) is inputted and which selects 
either the first multiplexer circuit (Ml) or the fifth 
external connection terminal (P2) based on a fourth 
operation mode setting signal (S2) and which outputs an 
output signal from the first circuit block, that is 
inputted, to the selected circuit or the selected terminal; 
and a fourth multiplexer circuit (M2), inserted between the 
input terminal (In2) of the first circuit block and the 
first demultiplexer circuit (Dl), to which an output signal 
from the first demultiplexer circuit (Dl) and a signal from 
the sixth external connection terminal (P4) are inputted, 
and which selects either of the signals inputted to the 
fourth multiplexer circuit based on the fourth operation 
mode setting signal (S2) and which outputs the selected 
signal to the first circuit block, wherein the fourth 
demultiplexer circuit (D2) selects the first multiplexer 
circuit (Ml), and fourth multiplexer circuit (M2) selects 
an output signal from the first demultiplexer circuit (Dl), 
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when the fourth operation mode setting signal (S2) 
indicates the normal operation mode, and the fourth 
demultiplexer circuit (D2) selects the fifth external 
connection terminal (P2), and the fourth multiplexer 
circuit <M2) selects a signal from the sixth external 
connection terminal (P4), when the fourth operation mode 
setting signal (S2) indicates the test mode of the first 
circuit block (3) . 

According to this configuration, a signal can be 
inputted to, and can be outputted from the semiconductor 
device via the fifth and sixth external connection 
terminals of the first semiconductor chip before and after 
the chips. are adhered to each other during the test mode of 
the first circuit block, and thereby the test of the first 
circuit block can be carried out without allowing a signal 
to pass through the inter-chip connection terminals. An 
increase in the production yield can be achieved by testing 
a chip separately before it is adhered to another chip. 

In addition, according to one embodiment of the 
present invention the first semiconductor chip (1) 
preferably comprises a first operation mode setting circuit 
(4) for outputting the first operation mode setting signal 
(SI) to the first multiplexer circuit and to the first 
demultiplexer circuit; and the second semiconductor chip 
(2) comprises a second operation mode setting circuit (6) 
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for outputting the second operation mode setting signal 
(S3) to the second demultiplexer circuit and to the third 
multiplexer circuit and for outputting the third operation 
mode setting signal (S4) to the second multiplexer circuit 
and to the third demultiplexer circuit. 

According to this configuration the first operation 
mode setting circuit can control the first multiplexer 
circuit, and the first demultiplexer circuit, while the 
second operation mode setting circuit can control the 
second demultiplexer circuit, the third multiplexer circuit, 
the second multiplexer circuit and the third demultiplexer 
circuit . 

In addition, according to one embodiment of the 
present invention the first semiconductor chip (1) 
preferably comprises a first operation mode setting circuit 
(4) for outputting the first operation mode setting signal 
(SI) to the first multiplexer circuit and to the first 
demultiplexer circuit and for outputting the fourth 
operation mode setting signal (S2) to the fourth 
demultiplexer circuit and to the fourth multiplexer 
circuit; and the second semiconductor chip (2) comprises a 
second operation mode setting circuit (6) for outputting 
the second operation mode setting signal (S3) to the second 
demultiplexer circuit and to the third multiplexer circuit 
and for outputting the third operation mode setting signal 
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(S4) to the second multiplexer circuit and to the third 
demultiplexer circuit . 

According to this configuration the first operation 
mode setting circuit can control the first multiplexer 
circuit, the first demultiplexer circuit, the fourth 
demultiplexer circuit and the fourth multiplexer circuit, 
while the second operation mode setting circuit can control 
the second demultiplexer circuit, the third multiplexer 
circuit, the second multiplexer circuit and the third 
demultiplexer circuit . 

As described above, a high performance semiconductor 
device having a COC structure and having chips with small 
surface areas can be implemented according to the present 
invention by using semiconductor chips, wherein the number 
of inter-chip connection terminals is reduced, and the 
areas of the chips are reduced. 

Brief Description of the Drawings 

Fig 1 is a configuration diagram of a signal line 
connection between a first semiconductor chip and a second 
semiconductor chip in the semiconductor device according to 
an embodiment of the present invention; 

Fig 2 is a diagram showing a signal transmission 
system at the time of the test mode for the memory macro 
before the connection of the chips in the semiconductor 
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device according to the embodiment of the present 
invention; 

Fig 3 is a diagram showing a signal transmission 
system at the time of the test mode for the memory macro 
control circuit before and after the connection of the 
chips in the semiconductor device according to the 
embodiment of the present invention; 

Fig 4 is a diagram showing a signal transmission 
system at the time of the test mode for the memory macro 
after the connection of the chips in the semiconductor 
device according to the embodiment of the present 
invention; 

Fig 5 is a diagram showing a signal transmission 
system at the time of the normal operation mode after the 
connection of the chips in the semiconductor device 
according to the embodiment of the present invention; and 

Fig 6 is a chip configuration diagram showing an 
example of a semiconductor device according to the prior 
art . 

Description of the Preferred Embodiments 

The embodiments of the present invention are 

described below in reference to the drawings. 

Fig 1 is a configuration diagram of a signal line 

connection between a first semiconductor chip and a second 
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semiconductor chip in a semiconductor device according to 
an embodiment of the present invention. In Fig 1, 1 
indicates the first semiconductor chip, 2 indicates the 
second semiconductor chip, 3 indicates a memory macro 
control circuit formed on first semiconductor chip 1, 4 
indicates a first operation mode setting circuit formed on 
first semiconductor chip 1, 5 indicates a memory macro 
formed on second semiconductor chip 2, 6 indicates a second 
operation mode setting circuit formed on second 
semiconductor chip 2, Ml indicates a first multiplexer 
circuit, M2 indicates a second multiplexer circuit, M3 
indicates a third multiplexer circuit, M4 indicates a 
fourth multiplexer circuit, Dl indicates a first 
demultiplexer circuit, D2 indicates a second demultiplexer 
circuit, D3 indicates a third demultiplexer circuit, D4 
indicates a fourth demultiplexer circuit, PI indicates an 
external connection terminal connected to an input signal 
line of first multiplexer circuit Ml, P2 indicates an 
external connection terminal connected to an output signal 
line of second demultiplexer circuit D2, P3 indicates an 
external connection terminal connected to an output signal 
line of first demultiplexer circuit Dl, P4 indicates an 
external connection terminal connected to an input signal 
line of second demultiplexer circuit M2, P5 indicates an 
external connection terminal connected to an input signal 



line of fourth multiplexer circuit M4, P6 indicates an 
external connection terminal connected to an output signal 
line of fourth demultiplexer circuit D4, CI indicates an 
inter-chip connection terminal connected to an output 
signal line of first multiplexer circuit Ml, C2 indicates 
an inter-chip connection terminal connected to an input 
signal line of first demultiplexer circuit Dl, C3 indicates 
an inter-chip connection terminal connected to an input 
signal line of third demultiplexer circuit D3, C4 indicates 
an inter-chip connection terminal connected to an output 
signal line of third multiplexer circuit M3, SI indicates a 
first operation mode setting signal generated by first 
operation mode setting circuit 4, S2 indicates a second 
operation mode setting signal generated by first operation 
mode setting circuit 4, S3 indicates a third operation mode 
setting signal generated by second operation mode setting 
circuit 6, S4 indicates a fourth operation mode setting 
signal generated by second operation mode setting circuit 6, 
Outl indicates an output terminal of memory macro control 
circuit 3, In2 indicates an input terminal of memory macro 
control circuit 3, InlN indicates an input terminal at the 
time of the normal operation mode of memory macro 5, InlT 
indicates an input terminal at the time of the test mode of 
memory macro 5, 0ut2N indicates an output terminal at the 
time of the normal operation mode of memory macro 5, and 



Out2T indicates an output terminal at the time of the test 
mode of memory macro 5. 

In addition, dotted lines denoted as Bl and B2 
indicate correspondence of inter-chip connection terminals 
that are connected to each other at the time when first 
semiconductor chip 1 and second semiconductor chip 2 are 
adhered and connected to each other, wherein Bl indicates 
that inter-chip connection terminal CI and inter-chip 
connection terminal C3 are connected to each other, and B2 
indicates that inter-chip connection terminal C2 and inter- 
chip connection terminal C4 are connected to each other ♦ 

Second demultiplexer circuit D2 outputs a signal 
that has been inputted from output terminal Outl of memory 
macro control circuit 3 to first multiplexer circuit Ml 
when second operation mode setting signal S2 is of logic 
"H" (high) and outputs the signal to external connection 
terminal P2 when second operation mode setting signal S2 is 
of logic "L" (low) . 

A signal from external connection terminal PI and a 
signal from second demultiplexer circuit D2 are inputted to 
first multiplexer circuit Ml, which selects the signal from 
second demultiplexer circuit D2 when first operation mode 
setting signal SI is of logic "H", and selects the signal 
from external connection terminal PI when first operation 
mode setting signal SI is of logic "L", so that the 
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selected signal is outputted to inter-chip connection 
terminal CI. 

First demultiplexer circuit Dl outputs a signal that 
has been inputted from inter-chip connection terminal C2 to 
second multiplexer circuit M2 when first operation mode 
setting signal SI is of logic M H", and outputs the signal 
to external connection terminal P3 when first operation 
mode setting signal SI is of logic "L." 

A signal from external connection terminal P4 and a 
signal from first demultiplexer circuit Dl are inputted to 
second multiplexer circuit M2, which selects the signal 
from first demultiplexer circuit Dl when second operation 
mode setting signal S2 is of logic "H", and selects the 
signal from external connection terminal P4 when second 
operation mode setting signal S2 is of logic "L" so that 
the selected signal is outputted to input terminal In2 of 
memory macro control circuit 3. 

In addition, third demultiplexer circuit D3 outputs 
a signal that has been inputted from inter-chip connection 
terminal C3 to input terminal InlN at the time of the 
normal operation mode of memory macro 5 when third 
operation mode setting signal S3 is of logic "H" and 
outputs the signal to fourth multiplexer circuit M4 when 
third operation mode setting signal S3 is of logic "L." 
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A signal from external connection terminal P5 and a 
signal from third demultiplexer circuit D3 are inputted to 
fourth multiplexer circuit M4, which selects the signal 
from third demultiplexer circuit D3 when fourth operation 
mode setting signal S4 is of logic "H" and selects the 
signal from external connection terminal P5 when fourth 
operation mode setting signal S4 is of logic M L" so that 
the selected signal is outputted to input terminal InlT at 
the time of the test mode of memory macro 5. 

Fourth demultiplexer circuit D4 outputs a signal 
that has been inputted from output terminal 0ut2T at the 
time of the test mode of memory macro 5 to third 
multiplexer circuit M3 when fourth operation mode setting 
signal S4 is of logic M H" and outputs the signal to 
external connection terminal P6 when fourth operation mode 
setting signal S4 is of logic W L." 

A signal from output terminal 0ut2N at the time of 
the normal operation mode of memory macro 5 and a signal 
from fourth demultiplexer circuit D4 are inputted to third 
multiplexer circuit M3, which selects the signal from 
output terminal 0ut2N of memory macro 5 when third 
operation mode setting signal S3 is of logic "H" and 
selects the signal from fourth demultiplexer circuit D4 
when third operation mode setting signal S3 is of logic "L 
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so that the sleeted signal is outputted to inter-chip 
connection terminal C4 . 

Table 1 is an operation mode setting signal logic 
table in the semiconductor device of the embodiment of the 
present invention. The logic of two operation mode setting 
signals SI and S2 generated by first operation mode setting 
circuit 4 and the logic of two operation mode setting 
signals S3 and S4 generated by second operation mode 
setting circuit 6 are shown for each operation mode. 



[Table 1] 





Operation Mode 


SI 


S2 


S3 


S4 


Before 
Connec- 
tion of 
Chips 


Memory Macro Test 
Mode 


Don 1 1 

Care 


Don' t 

Care 


Don' t 

Care 


L 


Memory Macro 
Control Circuit 
Test Mode 


Don' t 

Care 


L 


Don' t 
Care 


Don't 
Care 


After 
Connec- 
tion of 
Chips 


Memory Macro Test 
Mode 


L 


Don 1 1 

Care 


L 


H 


Memory Macro 
Control Circuit 
Test Mode 


Don' t 
Care 


L 


Don 1 1 

Care 


Don't 
Care 


Normal Operation 
Mode 


H 


H 


H 


Don' t 
Care 



"Don't care" in Table 1 indicates that the operation 
mode setting signal in the corresponding column does not 
relate to the setting of the mode in that column. 

Next, the operation of the semiconductor device of 
the embodiment of the present invention is described. 
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Fig 2 is a diagram showing a signal transmission 
system at the time of the test mode of the memory macro 
before the connection of the chips* In this case, as shown 
in Table 1, the logic of operation mode setting signal S4 
is set at "L." An input signal that has been connected to 
external connection terminal P5 is connected to fourth 
multiplexer circuit M4, is selected by logic "L" of 
operation mode setting signal S4, is outputted to an output 
signal line of fourth multiplexer circuit M4 and is 
connected to input terminal InlT at the time of the test 
mode of memory macro 5. At the same time, output terminal 
Out2T at the time of the test mode of memory macro 5 is 
connected to fourth demultiplexer circuit D4 and is 
connected to external connection terminal P6 by means of 
logic "L" of operation mode setting signal S4. 

In this configuration memory macro 5 can be tested 
without passage of a signal through inter-chip connection 
terminals C3 and C4 before the connection of the chips. In 
the case wherein the test result at this time shows a 
defect, it is clear that this defect is not caused by 
inter-chip connection terminals C3 and C4 . 

Fig 3 is a diagram showing a signal transmission 
system at the time of the test mode of the memory macro 
control circuit before and after the connection of the 
chips. In this case, as shown in Table 1, the logic of 
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operation mode setting signal S2 is set at "L" both before 
and after the connection of the chips* The input signal 
that has been connected to external connection terminal P4 
is connected to second multiplexer circuit M2, is selected 
by logic M L" of operation mode setting signal S2, is 
outputted to an output signal line of second multiplexer 
circuit M2, and is connected to input terminal In2 of 
memory macro control circuit 3. At the same time, output 
terminal Outl of memory macro control circuit 3 is 
connected to second demultiplexer circuit D2 and is 
connected to external connection terminal P2 by means of 
logic "L" of operation mode setting signal S2 . 

This configuration allows for the testing of memory 
macro control circuit 3 without passage of a signal through 
inter-chip connection terminals CI and C2 before and after 
the connection of the chips . In the case wherein the test 
result at this time shows a defect, it is clear that this 
defect is not caused by inter-chip connection terminals CI 
and C2. 

Fig 4 is a diagram showing a signal transmission 
system at the time of the test mode of the memory macro 
after the connection of the chips . In this case, as shown 
in Table 1, the logic of operation mode setting signals SI 
and S3 is set at "L" and the logic of operation mode 
setting signal S4 is set at "H." The input signal that has 
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been connected to external connection terminal PI is 
connected to first multiplexer circuit Ml, is selected by 
logic "L" of operation mode setting signal SI, and is 
connected to inter-chip connection terminal CI . 
Furthermore, the input signal is transmitted to inter-chip 
connection terminal C3 by means of connection (Bl) between 
inter-chip connection terminals CI and C3, is inputted to 
third demultiplexer circuit D3, is inputted to fourth 
multiplexer circuit M4 by means of logic "L" of operation 
mode setting signal S3, is selected by logic W H" of 
operation mode setting signal S4 and is connected to input 
terminal InlT at the time of the test mode of memory macro 
5. At the same time, output terminal 0ut2T at the time of 
the test mode of memory macro 5, is connected to fourth 
demultiplexer circuit D4, is inputted to third multiplexer 
circuit M3 by means of logic "H" of operation mode setting 
signal S4, is selected by logic "L" of operation mode 
setting signal S3 and is connected to inter-chip connection 
terminal C4 . Furthermore, a signal is transmitted to 
inter-chip connection terminal C2 by means of connection 
(B2) between inter-chip connection terminals C2 and C4, is 
inputted to first demultiplexer circuit Dl and is connected 
to external connection terminal P3 that is selected by 
logic "L" of operation mode setting signal SI. 
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This configuration allows for testing of memory 
macro 5 after the connection of the chips. 

In general, two chips connected by a COC connection 
have a relationship wherein one chip has a great area and 
the other chip has a small area, and the chip having the 
great area becomes connectable to an external connection 
terminal after the connection of the chips. In the case of 
the present embodiment it is assumed that first 
semiconductor chip 1 on which memory macro control circuit 
3 is mounted has a great area, and second semiconductor 
chip 2 on which memory macro 5 is mounted has a small area, 
and therefore, only first semiconductor chip 1 having a 
great area can be directly controlled from the outside 
after the connection of the chips, while it is necessary to 
use first semiconductor chip 1 and inter-chip connection 
terminals CI to C4 in order to control second semiconductor 
chip 2, on which memory macro 5 is mounted, from the 
outside. Accordingly, the signal path at the time of 
testing of memory macro 5 after the connection of the chips 
cannot utilize external connection terminals P5 and P6 of 
second semiconductor chip 2, and thereby becomes the signal 
path as shown in Fig 4. 

Fig 5 is a diagram showing a signal transmission 
system at the time of the normal operation mode after the 
connection of the chip. In this case, as shown in Table 1, 
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the logic of operation mode setting signals SI, S2 and S3 
is set at M H." Output terminal Outl of memory macro 
control circuit 3 is connected to second demultiplexer 
circuit D2, is connected to first multiplexer circuit Ml by 
means of logic "H" of operation mode setting signal S2, is 
selected by logic "H" of operation mode setting signal SI 
and is connected to inter-chip connection terminal CI. 
Furthermore, the signal is transmitted to inter-chip 
connection terminal C3 by means of connection (Bl) between 
inter-chip connection terminals CI and C3, is inputted to 
third demultiplexer circuit D3 and is connected to input 
terminal InlN at the time of the normal operation mode of 
memory macro 5 by means of logic M H" of operation mode 
setting signal S3. At the same time, output terminal 0ut2N 
at the time of the normal operation mode of memory macro 5 
is inputted to third multiplexer circuit M3, is selected by 
logic "H" of operation mode setting signal S3 and is 
connected to inter-chip connection terminal C4 . 
Furthermore, the signal is transmitted to inter-chip 
connection terminal C2 by means of connection (B2) between 
inter-chip connection terminals C2 and C4, is inputted to 
first demultiplexer circuit Dl , is inputted to second 
multiplexer circuit M2, by means of logic W H" of operation 
mode setting signal SI, is selected by logic "H" of 
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operation mode setting signal S2 and is connected to input 
terminal In2 of memory macro control circuit 3. 

This configuration allows for a signal transmission 
between memory macro control circuit 3 and memory macro 5 
without passage of the signal through external connection 
terminals PI to P6 at the time of the normal operation mode 
after the connection of the chips. 

As described above, according to the embodiment of 
the present invention a signal is inputted to, and is 
outputted from, memory macro 5 via inter-chip connection 
terminals C3 and C4 in second semiconductor chip 2, in 
either the case of the normal operation mode or the test 
mode of the memory macro after the connection of the chips. 
Though a signal is inputted to an input terminal and is 
outputted from an output terminal for the normal operation 
mode and for the test mode in memory macro 5 in each mode, 
the inter-chip connection terminals, which become a signal 
path, between the first and second semiconductor chips 1 
and 2 are used both in the normal operation mode and in the 
test mode of the memory macro, and therefore a 
semiconductor device can be implemented wherein the number 
of inter-chip connection terminals is reduced, the area of 
the chip is reduced and possibility of defects in the 
connection between the chips is reduced, so that an 
increase in the yield can be achieved. 
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In addition, testing of memory macro 5 can be 
carried out without passage of a signal through the inter- 
chip connection terminals in the test mode of the memory 
macro before the connection of the chips. Moreover, 
testing of memory macro control circuit 3 can be carried 
out without passage of a signal through the inter-chip 
connection terminals in the test mode of the memory macro 
control circuit before the connection of the chips. As 
described above, a semiconductor device having a COC 
structure wherein an increase in the production yield, 
which was formerly difficult to achieve in a semiconductor 
device having a system-on-chip structure can be achieved by 
testing a single chip before the connection of the chips. 
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